INTRODUCTION
For years, pansies and later horned violet have been among the most popular bedding and pot plants that are eagerly bought (S t a r t e k et. al. 2006 ; Z aw a d z i ń s k a and J a n i c k a , 2007). Apart from fertilisation, an appropriate substrate has a significant influence on proper growth and development of these plants (S t a r t e k et. al. ; Z a w a d z i ń s k a and J a n i c k a , 2007). Nature--related management of sewage sludge is the simplest and cheapest way of disposing of this waste material. It makes it possible to re-introduce nutrients and organic matter to the natural cycle (S i u t a and W a s i a k , 2001).
The specificity of horticultural production makes it possible to use substrates based on compost from municipal and industrial waste, particularly in the cultivation of ornamental plants. It is possible to obtain a substrate appropriate for plant cultivation from municipal sewage sludges after they are composted (K r z yw y et. al. 2000 a, b) . During this process, as a result of stabilisation and hygienisation, the heavy metal content and the number of pathogenic microorganisms are reduced and the fertilising ingredients they contain are transformed, which results in an increase in the number of nutrients assimilable by plants (K r z y w y et. al. 1999 ; Z a w a d z i ń s k a and J a n i c k a , 2007). Substrates with optimal chemical properties for individual species can be obtained by mixing composts from municipal sewage sludge with peat at an appropriate ratio or with other nutrient-poor components with an acidic pH value and low salt concentration (C z y ż y k et. al. 2002 ; Z a w a d z i ń s k a and K l e s s a , 2007). The process of composting municipal sewage sludge with the addition of various structure-forming materials considerably lowers the quantity of undesirable substances in the environment, increases the aeration of the mass, makes it easier to obtain the optimal moisture of the composted mass at a level of 50-60%, and it also results in enriching the compost mass with nutrients for plants and in reducing the concentration of heavy metals. The aim of this research was to assess the usability of sewage sludge-based substrates in the cultivation of the horned violet from the Patiola F1 group and to compare them with traditional substrates, such as peat and coconut fibre. In the experiments, four substrates were used: I -substrate from deacidified peat (control); II -coconut fibre; III -substrate from peat and compost 1 (1:1 v/v); IVsubstrate from peat and compost 2 (1:1 v/v). Compost 1 was prepared using municipal sewage sludge (35%), potato pulp (35%), and straw (30%). Compost 2 was prepared using municipal sewage sludge (35%), potato pulp (35%), and sawdust (30%). After 10 months of composting, the composts were used in the present study; the methods of their preparation can be found in the papers by K r z y w y et al. . A pH value of 6.2 was obtained in all substrates using chalk and dolomite. The chemical composition of the composts and their ingredients after a 10-month composting period are shown in Table 1 .
MATERIALS AND METHODS

Experiments
The seedlings produced were planted into pre--prepared substrates according to the method. In the period from 11 to 20 April in all years of the study, violets from the pots were placed on 120 cm-wide beds, at distances of 20 x 15 cm. Regardless of the year of the study, the experiments were terminated between 11 and 20 June.
The morphological features were measured once -twenty four weeks after planting out the seedlings (between 1 and 10 April) when 80% of the plants had developed at least one flower. The following features were evaluated: total plant height, plant diameter, number of leaves, length and width of the leaf blade, and the leaf chlorophyll content index in SPAD units (using a Minolta Chlorophyll Meter device determining the light absorption by the leaf blade). For leaf measurements (leaf size and greenness index), 5 representatives of typical oval-shaped leaves were selected from the middle part of the plant. The experiments were conducted using a completely randomized design as two-factor experiments. 24 experimental items were created, with 5 replications of each item consisting of 3 plants. In each of the two years, 360 plants were evaluated. The results of the measurements of morphological features and the chlorophyll content index were analysed statistically by two-factor variance analysis using Statistica 10 software. The same design was used as it was assumed that the substrates were the primary factor in all the experiments, while the cultivars were the secondary factor. Tukey's test was used to verify statistical significance between the means at the significance level of a = 0.05.
To determine the relationships between the media, the results obtained were subjected to agglomerative cluster analysis and classified into groups in a hierarchical order by means of Ward's method. The statistical analysis was performed using Statistica software.
RESULTS
The chemical analysis of substrate components showed that the municipal sewage sludge was characterised by a high N, P and Ca content. The high content of these components in the sewage sludge also affected the richness of the finished composts after the 10-month composting period (Table 1) . The finished substrates used in the experiments before planting the plants differed in their nutrient content and salinity levels. The substrate consisting of peat and compost 1 had the highest content of N-NO 3 , P and K. It was also characterised by the highest salinity level. The peat substrate and coconut fibre had the lowest nutrient content. The chemical analysis showed a high level of K in the coconut fiber only in the second year of cultivation (Tables 2-3) .
The substrates used for cultivation influenced the size and the exterior of horned violet plants from the Patiola group (Tables 4-5 ). It was shown that plants grown on coconut fibre were the shortest and had the smallest leaf rosettes. Plants grown in compost-containing substrates did not differ from plants grown in peat substrates in terms of their height and diameter. Differences in the features under analysis were also found between individual cultivars. Horned violet plants from the 'Patiola Pure Light Blue' cultivar were the largest, regardless of the year of the study. In the remaining cultivars, differences were found in terms of plant height in the individual growing seasons. Horned violet plants from the 'Patiola Tangerine' cultivar were the shortest in the first growing season, while 'Patiola Pure Yellow' plants were the shortest in the following season (Table 4 ). In terms of diameter, plants from the cultivars 'Patiola Pure Lemon Yellow', 'Patiola Pure Light Blue', and 'Patiola Violet with Yellow Face' reached the largest size.
The influence of the substrates on the number and size of leaves was shown (Figs 1 and 3) . Regardless of the cultivar, pansy plants growing in the peat substrate had the largest number of leaves in both seasons. Their leaves were also the largest (the length and width of the leaf blades). A lower number of leaves were recorded for horned violet plants grown in the substrates consisting of peat and compost at a 1:1 ratio. Plants growing in coconut fibre produced the lowest number of leaves. They also had small and narrow leaf blades. It was observed that the plants had more profuse foliage in the second growing season than in the first one.
The differences in the number of leaves in horned violet plants also resulted from the characteristics of individual cultivars. (Fig. 2) . Regardless of the year of the study, horned violet plants cultivated in the peat substrate were characterised by the highest leaf chlorophyll content index. In the first year of cultivation, plants grown in the substrate with compost 1 and in coconut fibre had a less intense colour. Among the cultivars under analysis, 'Patiola Tangerine' plants were distinguished by a higher chlorophyll content index, but only in the second season (Table 6 ).
The dendrogram in Fig. 4 shows the similarity between the substrates under evaluation in terms of their influence on the morphological features of horned violet plants from the Patiola group. The obtained dendrogram, which illustrates the hierarchy of clusters of individual substrates, was analysed. Based on the Euclidean distance using Ward's method, it was found that cluster 1 was formed by two compost-based substrates and the peat substrate. The coconut fibre substrate was characterised by a long distance from this group, which is also confirmed in Tables 4-6 and Figures 1-3. Table 2 DISCUSSION Sewage sludge-based compost is a rich source of organic substances as well as N, P, Mg, and Ca. It contains less K, but it is characterised by a high concentration of salt and an increased content of heavy metals (C i e ć k o and H a r n i s z , 2002; K i e p a s --K o k o t and Z a b ł o c k i , 2002). To reduce the content of harmful substances, the composts in question were mixed with nutrient-poor peat. The use of sewage sludge for growing ornamental plants is possible after it has been composted and mixed with peat at an appropriate ratio. Numerous authors confirm that such a substrate is appropriate for growing numerous species of ornamental plants, also including bedding plants The influence of the substrates on the growth, exterior and foliage of plants depends on the type of substrate, its pH value, salinity, and nutrient content. The use of substrates with the addition of sewage sludge-based compost has a beneficial effect on plant development. However, this influence depends on the type of compost and the percentage of this compost in the substrate (Z a w a d z i ń s k a and J a n i c k a , 2007). The composting time of sewage sludge is also of considerable importance. Long-term composting of sewage sludge results in progressing mineralisation of the composting mass and a reduction in the content of nearly all mineral ingredients (C z y ż y k et. al. 2002) .
Coconut fibre is a substrate suitable for the cultivation of numerous ornamental plants, including the pansy. Some studies confirm its effective influence on rapid growth and proper development of plants (S t a r t e k et. al 2006; J a n i c k a and D o b r o w o ls k a , 2007; C z a j k a and S z c z e p a n i a k , 2006). However, it happens that not all plants respond to the coconut fibre substrate in a positive way. Poorer growth of plants grown in coconut fibre is often connected with high concentrations of salt in the substrate, which results in reduced leaf size, reduced plant height, and inhibition of root growth (C a b r e r a 2003; J a l e e l et. al. 2008 ). In the authors' own research, the growth of horned violet plants grown in coconut fibre was poorer, since they had a low number of leaves and the leaves were small. A more rapid exhaustion of nutrients in the substrate may be the reason for poorer growth of plants grown in coconut fibre.
CONCLUSIONS
1. Composts made from municipal sewage sludge are rich in nutrients. Plants that are grown in substrates with the addition of composts and in peat substrate grow and develop properly without the necessity of introducing top dressing. 2. The addition of municipal sewage sludge composts did not cause observable adverse changes in plants grown. 3. Coconut fiber can be an alternative to peat in the production of horned violet from the Patiola group, despite a slight reduction of plant growth and small leaves.
